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(54) PARALLEL SORT DEVICE 

(57)Abstraot 

PROBLEM TO BE SOLVED: To shorten the parallel 
processing time of a parallel sort device by equalizing 
the numbers of sorted strings which are read out of a 
secondary storage in every parallel processing unit when 
the external sorts whose objects data are not 
completely stored in a main storage are carried out in 
parallel to each other in a multiprocess. 
SOLUTION: The sort processing operations are carried 
out in the sort/merge main storage areas 31 and 32 
which are proper to the parallel processes. Then these 
sort processing results are stored in a shared sorted 
string main storage area 5. Then the strings are written 
in the work areas 81 and 82, and a work area 
management means 6 decides a string replacement block 
when the area 5 has an overflow. The strings are taken 
out of the area 5 and sent to the areas 31 and 32 to 
perform the merging operations after the sort phase is 
over. Then a string writing/reading means 7 decides the 
blocks to be read next, and these blocks are read out of 
the areas 81 and 82. 
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Sr^^L. y-h7x-X*l71*ty-har.?i^;^h'J^ 

^'fflif eii 5 y - h / V - >-'ffl±isii 31, 3 2 1 
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fiiey - h /v- v^^w^wmx h u y y - h 
hSf;^ h U y^i.m^mm(r>x h u y^^S: y- h/v- 

luiey- h/v-i^'^Sii^BJiiBy- h/v-i^'ffl±ieig 

^ai^to;^ b U y^^Sr y- h/v-i^S!^ LT4^-ri.fr 
it^rx h U y/<07"n ^' S- sfliBy- bSr;^ b 'J 

p ^' ^ HiriBfmffl^ta^ ^ t § . miBx h y 

miv-hmx h u yy^tmmmm-^'^y a-ra 

i^^amiv-hm h V yi^±um.mx h v y^ 
S:y-h/v-x5!isti.i:#. mm.tmuz^h's. 
%-fxi";9^. mixmmm.f'hmfi-^ ltx h u yif 

fc 2:#afc-rsM?ijy--Mia. 
t-rsff*«i£a<7)M^jy-Mis. 

[00 0 1] 

1i<7)i^W^«i:«^^0Z<>JB1itC^J-{|lfSJrt$*l-CV^S« 
•^ioy— r-fy^^tcRI-ri,. 
[0002] M«T-:J"<.-;^i^X-rAf*lgp-C'y-f-'f 



<mri>. 4'I^W{cf!lffl$ixl.±iB1it-<*:fB1i*<^gi 

[0003] ig^ffl^h§itTV^|.M^'Jx;^rAT'«4, 
ilBlilriKia* X S shared ev 

e ry th i n gSiOT-^r^'f-^-C, Z.<rm^\m 

S'^.lC, ±iaitS-*^rL^V^shar ed 
n o t h i n gST't . ^fj^t^^t 'J T-drr^-f^-V 

[0004] 

[1] =^^¥0 3-0 71 22 7 

[2]Bltton D. .et al:"Paral 
lei Algorithms for the Ex 
ecution of RelationalData 
base ACM Transactions on 
Data — base Systems, Vo 18, No 
3. September 1983, pages324 
-353. 

[3] fijll^jg. iSSiS*-: "Nonstop SQL 

(nr-^n-y^^" , m^sm, vo i 33. no 1 

2, pages 1436-144 0**&S. Z.ilh<ryX 

[ 0 0 0 5 ] 3tiK [ 1 ] \zi.m.. ilBIg (S«m) \,z 

y-h^^^t>5^l.x-:? (^fin) *>'t<-CiR^^>^v^ 

W£is^W(r>v- h«iHis^ha5«y- h t Dfix, 1 0(7) 

y-h7i-Xi;Log (n/m) |Il£DV-i^'7x-X 
S-t>-?T«lig§na [XliRl<^)4K] . #7x-XT 
14, '?-04'T'^^t=y-h$ii7t^m$:t'?, V^<o*» 

'jyymmi. mxi^/mx-hh. 9^uv~vnMi 

(4. y-h7x-Xi:V-x7x-XJ>l)>'^{4#'?OV 

5T-:J'«MiBr(SI*<^*14tl^$i||®-rS<il«ntftS (o 

to, f^^J^tCfclr^tS I/Obou ndT'S)5) 
[«lc7)8'<->''] . [«1 ] ■C«4. y-h7x- 
Xfc-7->''7x-XogftjiLSr, iKSiBlitC'7-yty 

Sr^LTv^S. c:co:^tJ:ix{f, y-hJIStffiffl 
^t<^S'iu. f^ffiJS3£Sfflco^^i;{4-'?«oxhy 

mm\izmt\iiL. <>:wv-i;7x-xfj4±aiits 

oT^r^sx h u yytf^h^-th c: t T'f^®^*»'?)<o 



(3) ^!a¥9-23 1 053 



( 0 0 0 6 ] ?hgpy- h ^mWirn-t •y<f«OM?iJ 

vvvcjifflt^cw, m. [2] t^^snxv^i.. 0 

511 [3aK2<^K3 34] *>/i,§|fflL>tM?i|2':7x'f7 

->''y-hS:^BJ-ri>iaT-. sub OPTIAML 
S T A G E t O P T I M A L S T A G E 3t>5— piOT - ^' 

9 17bi:94S:ro-fe-y-t?-9 5J!)^98T'V-hL. f 
O^mSrS^Wll^T-D-t 7^f 9 5;n;M9 1 *«0 
;?.Miy^^9 9t:-7-j^'LTV^I.. M?i)2'>x^V->-' 

y- h-p«i. m^<7)mv- hcoi^m $ h\,zmmz 

m^^ixfzmLra-^-v^X"?~i^-th:itX' ( POS 
TOPTIMAL STAGE) . l3(s:coy-h$n/v: 

[0007] mkf-i^'^-xi/XT'M.izmhmm. 
T—^mzi^'oifihh^. m\v- bfioopT I M 

AL STAGEtPOSTOPTIMAL STAG 
[0008] 

w/~v^mmmi>^(nwmi. subopti 

MAL STAGE. OPTIMAL STAGESrffl 

^mm^/-vt?t-tj:L. sm^z-m [ 1 ] co^ra^a 

[0009] ^^V~hCOm^. =g-7x-X-CP|-T- 

mmm^hff)m.^\ii Lx-h 0 > 1 mi^wmr^^T- 

9<7mh'^fhX'hh> Ltzifi'>x. i/om'^imw.'t 



Mzii. y-hZ-^-i^'ffltsqo^TSiiEiiji^ps 

[00 10] C<Of6Bflt'(4, MJiJy-hcOSUBOPT 
IMAL STAGE, OPTIMAL STAGES: 

M?iiy-h<0Srii31L*)^^i:T\ v-i^'yx-Xco 

X h 'J yi^x'2mtm^hm.?*-\i!,-tru -v^m^x v 
^■^j:h^<nuz-th. 

[00 1 1 ] 

x^x. ^wm&t:\^±^-^hztizhi. 
[0012] ^cofcif^. z<7)^mco. v~Ynw)K-n 

^tLhx h u y^iU.Wth y- h/v-i'-fflifBlf^ 
. y- h/v->''jaa«7)4'rasp§T-^§ixi.x h 

-efL-e'tiT'ftfiiL. Huiey-h/v— >-ffl±f5iiisis^ 

BffiBy-h/-7-vffl±iEii^«<^;^h'Jv^<$-y 

V- h^x h «j y^iiaii^i^ict&wit. fci.v^{ii!ne 
y- hSfx h u yi/±ieitfgJS<ox h u >'/$-y- 

ffliiaii^ist^iif s y- h/v-x^st , ^^7- 

a-feXT'^Wt-C^i.M>?ijy-hgatc*)-5T. BulBy 

xh'J yy^v- h/^-i^9mix^-timfz-^j:x 
h U y^cora 'V ^ ^MEy- h^x h u y^Mim. 

mOX h U yyiiZ^n LX±t^ :t-A*7 -y 

Sr iff Ef^«J^K:S# «i;t * t # . fflE;^ b V y^^fi 

is-rsf^sj^i^^gi: , miEy- vmx v u 

a#m;i<^/oi6Sl^tilL. SbSv^fi'filEy-bafxh'J 

yy±timmm<ox hvy^^iv- v/-^- 'J^-th 

|ijlEa#m;tt3J:l.2#yD-y^'^. WiXm^ 
m^>hW^^VXx Y y yy^^Tt^hx Y U y^'S^ 
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[ 0 0 1 3 ] y- hmmt ^iJT-rJ'Ji. -<mm 

#lt^>^^l.o y-h/-7-i/mfsiiis«tc#^orD 
hnmzM. X h y v^^##;^:L/^;^tajt#a*iy- 
^ffiHt^^'fty- h^x h 'J y^mim^-dam. 

coid^irmzr>\,\x^i. mmx-mmh. 
[0014] v-i/^ x-XT-ti. y- vmx V d 

•?-'ymiXimm'iz^mLX'7-'jm^'^o. 

^tPOSTOPT I MAL STAGE<7)3!{Ultjg§ii 

s. i^iii. n--'7i/y\HX'mt&Lx^ii\^L. 

ytHSiliLTItML-Cictvn 

10 0 15] ±ie»f^4't, y- f^tix h g yym±Mi 
m(oru .y {c2 1^ Tt*^. X h y y aj u 

T'D -y t I§l t-x b U y:/T'»:tcf Hffl-r -y «S! 
^^tULS^SrtiJl-. ii<7ifu-y9^m^^tt^\,z-:>\yc 

"O'vi^ffimi^^ut. '7-'jmm^'^\,z^hfih . -? 

-vXtSii. y- h^x h y y^±i21i^i^4'<^x h 'j 
i^Bf^tcioT. #rn-fex*5Zi?J51i£0#aMi^*^^> 

~ h izm^j:>mm^'^t>-^i z t m-t s . 

[00 16] 

[%m(7)mm<mm] <xiz. c<o^Bfltcov^T, mm^ 
^?^Lxmm-ti>. 

[0017] z<r)^cr)-mmmnmfs.^y^rm i ^# 

fii-tl* t , ai^jy- hmW. 1 /f?<2-:?c7)rn-feXT^ftf^f 
smSrfiai^L, y-hc7)A:»]i:=5rl>A:'3T-:J'2 1 . 
22 A:^]T-:^2:rD-tX*flE<oy-h-7->'m 
aii«|lS3 1 . 3 2 tSS;^jitJ:?t*^«OAtti:>3*S3 fc , 



m^&A.fzX:hf—^ ^ y- h/v-i;ffl±fBii^iS3 
1 , 3 2±-cy- h*>l.>,>{iv-i;L-CfiLv^x h y y 
^S:4fi!ttl.y-h/v-v^g4t. y-h/v-v' 
#g4(:J:-ory-h$/i7t:^*T'J>2.xhyy^^5 1 

5 4 SrSi. I. y- hiSfx h y y^m±simm 5 

A:ftT-:?<Dft*i^<. y-h^xhy y:/^JS5 

m-'>-<yti-ix. msim.mt/^-&it:^iz 

mix. xh^)yy5l'PiS.5AX'}£<r)-ru v^^Wz 

■^j:fU',^a)u%mtmtLxm{ti>ti^i''^-fh^ 

n y ^' S-rn-bx^^JStfOfm^i^S 1.82 Jtif 
xhyy/»#aiU/M;^32:^?i^#S7t, 
[0018] ZcrimLmX'\,i. ##5iJ3!|iatOro-feX*i 

y-hMm*i*<oxhyy^^fcLTv>s. ciwi, « 

*SffifKB^fv:M?ljy-hc7)SUB0PT I MAL S 
TAGE. OPTIMAL STAGEtCffi^-fl). S 
flWfc^To-feXT-jSiaL^ty- hSrX h y yf^ij^ty 1 

*<^y-h^s^f#i.(d±. $<;>t'?-c7)M*^v->'*t 

I. , A^Jr-^' 2 1 , 2 2 i: y- 
ffl±iaii^«3 1 . 3 2 1 , f^ffliSS 1 . 8 2(iMJiJ 

m.m<r)r'a^xmz^L. y- h^ix h y y^^ffl 

i^-C-|>5t<0t LTl^l.. #^ffli^8 1. 8 2^. y- 

h/v-i/ffl±ieii«j^3 1 , 3 2im^mm\.z^ 
mz-th^^^Mthztki-^^X'hh, 
[0019] mz. z(r)mmfi(r>v-Y'?-'jm±ii'& 
mL3i. 32 y-hafxhyy:/ffl±iais^i^5 

6 *^'y- h ^x h y yym±m&mi 5 ±<ox h y y^^ 
5 i:J^lg5 40fc'c7)yn-y^$:B^^;cS*>c^g^S*a 

SrHiHaL, Mty-hafxhyy^^fflMe<iM«5ts 

# ro >y L/^J©^. X h y y ffi L/Bi» 
tli L^gT *5t-<oro -y ^ZiJ:IE1S«omilfilS8 1 , 

[0020] 5fe-^±iE«^«<7)-9-^ xc^^$:trffiS-iftBH 
•fs. y-h/v-xffliieetjro-bxswco^ttST' 

ifeO. -t-^Xti^S-rn-bXt'lHltt-ti.. #ro-bx*^ 
Jiffl-f l>A:']T-:?-t^ n t y- hffliiElio 
-t-YXS-mt-rSi:. -O<0rn-feX*54^-tl.y-h 
^Xhyy^^c7)|S;{ift:^Tn/ini;^S. -^-'J 

*!ia*»'i0gfc-r&^^: y»{i. jasjiti^tox h y y^^it 
y y /Ji, -eoro-fex*?^ Litx h y y ^-c-ft s t 

in=f (n/m) 

^i.^tyftin$-^$-r&^fc*>'s^Hr\ fzhxM. 

f (n/m) =n/m<?)ir-X5r#;c.$i:. ±ie<im = 
n/mt^rO, m=root (n) t^l,. J:MOj:3 
y-h/V-i/ffl±fe^JI^-9->fX{i. V-v-'T/W 
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[00211 mz. mmmm^m<n-^u^v9m 

mmmhm2 (a),ia2(b).ii2(c),H 
2(d) mmLx. mmmm^m^ziihrnt^ 

tT)V^')XA^mmh> 02 (a) mm2 (d) 

mi 5 ^z^m-i yv «y m±^T 1 2 >y i^^x-h 

lij(r>tlx\^l. ttzi 2yuy9if^-)<.yu-\, 
X. yD-y^oa#Mi.*«L. y-htsxh>jy^ 

5 t:,^m, 81.82 fcgt «i t Tit 
V ^ili § :h.:^c V ;? \tmm. 0 it LT^^-f CI i: {c-fl. . 
02 ( c ) , 02 ( d ) ^<r>mm 
'3<7)7-n--/? get' $>■!.. 1;/^. mUt. 02 (a) . 
( b ) Tfflj^CT'S^SitTV^I) y-h?IX h U ^-^^ilEtS 
^JS5c^i2:/D'y^'rt{=SoTi^l.gcT'J)S. se^o 

yn.y^'-c<bs. xhuy:/5it;^hyy^^5 2{ir 

D-b;^l 5*<y-h3{!lSL/v;Xh';y^-C«)0, ^c7)-7 

[0 0 2 2] 5t1'02 (a) <i, XhUy^SSiO^^ 

'>fz^l^X'V-Y^X y 'J y^±iB«M«5<^ 1 2 -fu 

'/';>^^zxy^)yyifiW^t:,iifM.^^sLX\^h. z. 

1, 52. 53<7)^T«S#m 
ta«iOf$>l.*<. 4fiKLy::yo>y:5'S-il[^^5(c1SW 

^-5TV^|,xh'jy^5 3Jil?h) ^®5tW{cMS?tS<7) 
x>yr61 ) . ;^hijy^^5 icoi yn-y^'Srgt^;! 

^^tcy- h u y^mnimzmhru -y 
( 1 ai.x'S)i ) or. -iw;^ h 'J y/w^i^ 

tciEiii^iutgPtft- (E2C05 1 3) 7!)«{f^Si;cO*t^fc 

^■o/tClt^rStTV^I, (Xf-y7*6 2<5Dno) . ^ 

is. T-D-y^ ifflSrS-fcoii^ ^x<r>v~hxhOy'y 
ti^^^titcWiiDx h u yycr)^?~i;^m^mnt^f^: 

^T<OX h U >^<7)fit/jN$vitt?:-^t;7'o«y 
t^hht^hX'h h.m3 <r>T)Vn >J ttzti^-y X . 

2(b) ts^-f. xhiji^^^5 4o:rD>y^'(4. a^co 



2. 513. 522. 523, 536. 537, 54 
2. 5 4 6«oS#m;ttJ;-5T. 12yn-y^'rti0«^ 
5 1 1, 52 1. 53 17^2535. 541. 5437!? 
£54 5. 5 47lZttil!bt^tlX\<^h, ZLCOU^M^Wil 
Ji. @3<?DXT-yr6 2«0^*><?>. ll2(!0yD<y 5 
4 lT{i^^t=5rV\ 02 (b) tcJ:^i(fg*|«lc^T 
<oxh'j>:5^t'S^J^;c.it*^2t>Sr'9, M^ffi-t'^^T' 

o-feX 1 6 T'i^^f^^^iSB 1 , 8 2i}^(>com^t:l 

mmiz^j:^>zb y- hgfx h u y^m 

mi&5iiZX}^Vy'ftfm,^ixX. yn.y^'Sra^Jft 
;il.f^y>(c(4. V-h^x h U >'i7'fflMai!l5C0S#^ 
t ^ I. -y Srx h 'J y {ti L/K;^7t' L 
^S7T'f^^filS8 1 . 8 2izm^tiiti^mh. S 

^fcb-f^'^ 5y/^, B#mx*>mi-i.^^5y/t 
ltzi}\ mwHzm^tiiLX}5<:ibi,X-^6. tztt 

a. mn^zmmitf^m.ti-'^m (o* v-h 
m h u yi^m^Mimmmz i y a -y si^ 
^T') 03o7;i'd-t)XA5rafflL. mzsmi 

m.-kis-i^v^yr%^x. wmmiwmhzbt'^ 

X:%h. V-v'7x-XT-y-bSfXM;y:/^i^50 

tgii^o/c^, xy^)yym%^\,/m^TL-?^^m 

*J fioro -y ^ f^^l^S 1.82 tp^Jh^-fii*^ 

[0023] 5fe-r02 ( b ) i^-^-vmmms^x: 

hh.xv') yfm% £ti L/m-'^'^^n. 7 tfoyn >y ^' 
SJ^«2p$r^t7D-^A'-hT'J>l.04{Cj:*UfI12 
(b) T's ro-tXl 6cOV-i;3!PI*«jHtL. 7^07 
753 i*5^{;^-:.;itfcf 2). c:::t\ 04c7)1£7)7d 

t\ ^t'<7)yn -y ^' 5 3 1 t8?;^iaj-ff^Mi^<^7'n y 
^'W. 02 (b)<05 36. 54 2*>/c>fi#«i;e.<c>ny;: 
T'D-y^^'T', C:c7)a*>5 4 2jiSgJI|lT'J)0. 5 3 6(4 
IESi5T-S>SC:i:*>^> (XT7r71. 72).XM) 

yym% as L/i^»ji;^i#a7 ji^n <y 5 4 2 Srgg;^^ 

aif (X7=--y7'7 3) , iCOH. V-v-'jaati, 02 
(b) (07'a'y754 1 . 5 3 2c7)^T'»«'ri>. - 
ro-feXl SiOV-yjaaASjlfi^ L7'P>y:J'5 1 1 

*«stc^-5^fc-fsfc. <ji:fciig;^^aj-r^#rD-y^'j40 

2(b)«05 1 2. 5 2 2T'S#mi-'^^^^>:^^•y^'T' 
^)0. #«80il41'SrcOT\ a:»-£7)Xb 'jy^^OiX^^y 
o 7 ^'-C* S 5 1 2 *»mai UiOtt^i: ^rl. . 
[00 24] ^r*j. icoHMW-Cli, yf)W<.^yT^ 
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mt^^ -y y rmwmth L t X\ yftVi^ 7 r t J: 

h, 

C0025] 

'^.^ yo .y :?SjS:*^{C'5r& i ^ tfllE-tS ^ t i= i o 
'7->''7x-Xc7)|^TB*^JS'#rn-l:X-r'|3]ttCt 

Tttxtf. 02 ( b ) eom-fi, ro-fextttgiKcof^ 

0ElS({i;«-7-n-t;^-C'4lHl-roTJ>l., :LhXzn\^X. 

I/OIlIS:{i:0T'J)0, ro-fe;^! 6Tii8llI<7) 
10 0 26] tfz. icrtm^zXiXii. ^%fU'y9\,z 

2(b) coWt'ti. 7n-y:7 5 3 l**Sfc^ro3tii-&{c 
7o -y ^' 5 3 6 S-g!^ai-t t . iJ^twT'.o v9 5A21f'i!} 



•?~i^^^WO!itmi^hl. ZiXii. 7'o-y:5'54 2 
t/^ya -y ^ 5 3 6 J: 0 1 »itieM!i:=5:a^tgtt*«Sv^*> 

mi] zco^m<7)-miiimcom&i^tmx'hh. 

0 ( b ) <i . y- hSrX h 'J y^^^v-v-ri. fc # . 

;^ait7'n-yi?^^^-t-i.iJiBjii. (c ) {i, ^M-n 

( d ) mm ( b ) <r>i^AT<r)x h V yf^cnwamm 

■t^mx'hh. 

[ 1 3 ] y - h Srx h u yyi:±simmx'm mi h 

^(Oya-^^r-VX'hh, 

[053 ^^*c7)M?|J y - h iyf^-tmvh h . 
[ff#<?)ijeHfli 



1 

3 
4 
5 
6 
7 

2 1 

3 1 
81 



y- hZ-^-v-'^a 
y-htSxh>;yi5^iieii^i^ 



22 
32 
82 



y-h/v-vffliieiiis^ 



[03] 



[04] 
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